Normal hematologic and blood chemistry values for clinical use and age-related changes are reported as reference values for the endangered Bearded Vulture (Gypaetus barbatus). Blood samples were obtained from 21 nestlings and 26 free-living subadults and adults. No significant differences were found between subadults and adults or between sexes for any of the studied parameters. Reference ranges have been established for Bearded Vulture nestlings (less than 3 mo of age) and for free-living Bearded Vultures, with subadult and adult data combined without affecting clinical interpretation. Some reference values for the parameters reported in this study are similar to those previously described for vultures and other raptor species, although creatine phosphokinase and lactate dehydrogenase activities were higher than those reported for birds of prey. Significant age-related differences were identified in urea, uric acid, triglycerides, total serum protein, inorganic phosphorus, and magnesium concentrations, as well as aspartate aminotransferase, creatine phosphokinase, lactate dehydrogenase, alkaline phosphatase, amylase, and lipase activities (P,0.05). Additionally, significant age-related differences were noted in red and white blood cell counts, packed cell volume, hemoglobin concentration, mean corpuscular volume, mean corpuscular hemoglobin concentration, fibrinogen level, and heterophils, lymphocytes, and eosinophils (P,0.005). The results obtained from this study provide reference ranges that will be useful for evaluating the pathologic conditions and general health of Bearded Vulture populations and reveal the existence of important agerelated differences in the species.
INTRODUCTION
Knowledge of the causes of death, illness, and injury can improve and facilitate the application of management measures for the conservation of endangered species (Gonzá lez et al., 2007; Margalida, 2008, 2009; Margalida et al., 2008) . The Bearded Vulture (Gypaetus barbatus) is an endangered species in Europe (Annex I, EU Wild Birds Directive 79/409/EEC, Appendix II of the Bern Convention, Bonn Convention, and CITES) that in 2008 had around 150 breeding territories in the European Union. Every year sick or injured individuals are found in the wild , and captive breeding programs and subsequent reintroductions are being carried out in several countries . To provide proper medical care for this endangered species, veterinarians and rehabilitators need accurate hematologic and biochemical reference ranges on which to base their medical evaluations and treatments (Herná ndez et al., 1990; Dujowich et al., 2005) .
Clinical hematology and blood chemistry are useful diagnostic tools in clinical practice (Campbell and Dein, 1984; Woerpel and Rosskopf, 1984; Harr, 2002; Campbell and Ellis, 2007) and are especially important in birds, which frequently show few overt clinical signs of disease (Harr, 2002) ; thus, clinical examinations have to be complemented with tests if sick or injured birds are to be diagnosed and treated successfully (Hawkey and Dennet, 1989; Hochleithner, 1994) . Hematology and blood chemistry have also been shown to be useful tools for evaluating the general health of birds in wild and captive populations (Cooper, 1998; Naidoo et al., 2008) and for the rehabilitation of injured individuals (Morishita et al., 1997; van Wyk et al., 1998; Ensley, 1999) . However, data in the literature on avian physiology are based mainly on captive individuals, and normal values for free-living birds of prey are scarce (van Wyk et al., 1998; Casado et al., 2002; Villegas et al., 2002) .
Although several studies have been published in recent years on the normal hematology and blood biochemistry values of various free-living raptor species (e.g., Herná ndez et al., 1990; Hochleithner, 1994; Lanzarot et al., 2001; Harr, 2002) , data regarding normal values in vultures are scarce (Dell'Omo and Cavallina, 1996; van Wyk et al., 1998; Villegas et al., 2002; Dujowich et al., 2005; Naidoo et al., 2008) . Furthermore, as significant age-related differences have been described for several blood parameters (Fudge, 1996; Bailey et al., 1999; Howlett et al., 2002) , age must be considered when interpreting blood profiles. Currently, published reference values for the Bearded Vulture are limited to data from nestlings analyzed by Herná ndez et al. (1991) . The availability of reference values established on the basis of a significant number of samples (Lumej et al., 1998) is vital for understanding the physiology of the species and for providing proper medical care for wild and captive individuals (Dujowich et al., 2005) .
We report hematologic and blood chemistry values for clinical use in freeliving adult, subadult, and nestling Bearded Vultures to establish reference values for this endangered species and identify any significant age-related changes.
MATERIALS AND METHODS

Collection of blood samples
The study was carried out within the framework of the Bearded Vulture conservation projects run by the governments of the autonomous communities of Navarre, Aragó n, and Catalonia (Northern Spain), which in 2008 included a total of 96 breeding territories. All Bearded Vultures included in this study were weighed and physically evaluated by a veterinarian (M.H.), and all were considered clinically normal. Individuals showing injuries or abnormalities detected during physical examination, such as lost weight, signs of toxicity, or clinical signs of disease, were excluded for the study. Blood samples were obtained in 1990-2008 during routine placement of metal rings, wing tags, or VHS or satellite radiotransmitters or birds. All individuals were sampled once. Blood samples (4 ml) from 47 wild Bearded Vultures were obtained from both nestlings in nests (90-105 days old, n521) and individuals trapped during cannonnetting (.3 yr old, n526). Birds' ages in the latter category were determined using plumage characteristics (Heredia and Margalida, 2005) . Only data from subadult (4-5 yr old, n514) and adults (.6 yr old, n512) were included in the study. We compared blood parameters between subadults and adults, and because no significant differences were found (Student's t, P.0.05), data from both groups were pooled and referred to as free-living individuals. Gender identification was performed from blood samples using PCR amplification of the CHD-W gene (Ellegren, 1996) .
Birds were manually restrained with the aid of a hood and a towel. Blood was collected by venipuncture from the brachial vein using disposable 23-gauge needles and 5-ml plastic syringes. Two milliliters were treated and shaken gently with ethylene diamine tetraacetic acid (EDTA, 1.5 mg/ml of blood) in a commercial tube for full hematological analysis, while an additional 2 ml were transferred to a commercial tube without anticoagulant and allowed to coagulate in order to determine biochemical parameters. Samples were refrigerated at 4-6 C and tested within 36 hr of collection. Serum samples with evidence of hemolysis or lipemia were omitted from the study.
Laboratory analysis
The hematologic techniques used for this study have been described (Campbell, 1988; Hawkey and Samour, 1988; Herná ndez et al., 1990) . Total red and white blood cell counts (RBC and WBC) were performed with the Natt-Herrick solution (1:200 dilution) and Neubauer hemocytometer. The Packed cell volume (PCV) was obtained using the standard microhematocrit method with centrifugation at 10,000 3 G for 5 min. Hemoglobin (Hb) concentration was estimated in duplicate using the cyanomethemoglobin method. Samples were centrifuged prior to reading to avoid turbidity caused by erythrocyte nuclei and membranes. Mean cell volume (MCV), mean cell hemoglobin (MCH), and mean cell hemoglobin concentration (MCHC) were calculated using standard formulas from RBC, PCV, and Hb concentration (Campbell and Ellis, 2007 ). An estimated thrombocyte count was obtained from the stained blood film using the same formula for the indirect estimation of total WBC (Campbell and Ellis, 2007) . The leukocyte differential count was performed using the routine microscopic procedure with a thin smear fixed with methanol for 1 min and stained with May-Grü nwald Giemsa diluted in phosphate buffer (1:9) pH 7.8 for 15 min (Hawkey and Dennet, 1989) . The smears were examined for cell morphology and presence of parasites under a light microscope with an oil immersion lens (1003); a differential leukocyte count also was performed. Polychromasia and anisocytosis were estimated to assess erythropoietic activity. Blood parasites were searched for by screening 10,000 red blood cells. Differential counts were performed by examining at least 200 white cells and categorizing them as heterophils, lymphocytes, eosinophils, monocytes, or basophils on the basis of staining characteristics and morphology (Campbell, 1988; Hawkey and Dennet, 1989; Campbell and Ellis, 2007) . No attempt was made to count immature erythrocytes or to differentiate between large and small lymphocytes.
Plasma and serum were obtained by centrifugation and analyzed immediately. Serum and plasma protein concentrations (TSP and TPP) were measured using the Biuret method (Lumeij, 1997) . Total plasma solids (TPS) were determined using a temperature-compensated portable refractometer (Model C-6, Comecta SA, Barcelona, Spain). The fibrinogen (FIB) level was determined using the micro-heat precipitation method at 56 C, with the same microcapillary as used for the PCV measurements (Hawkey and Dennet, 1989) . Because sampling and analysis were done over an extended period, biochemistry profiles were analyzed with two machines, although specific reagents were always from the same commercial trade. The serum biochemistry profile values were analyzed with both a Hitachi 737 autoanalyzer (Boehringer Mannheim, Mannheim, Germany) and a COBAS MIRA Chemical Analyzer (Roche Diagnostics, Montpelier, France). Parameters measured included glucose (GLU), uric acid (UA), urea (U), creatinine (CREA), cholesterol (Chol), triglycerides (Trig), calcium (Ca), inorganic phosphorus (Phos), and magnesium (Mg) concentrations, and aspartate aminotransferase (AST), lactate dehydrogenase (LDH), creatine phosphokinase (CK), alkaline phosphatase (ALP), amylase (AMY), and lipase (LIP) activities. Plasma cholinesterase (ChE, Butyrylcholinesterase, E.C.3.1.1.8) activity was determined in plasma with a test kit whereby butyrylcholine was used as a substrate. All tests were conducted at 37 C following methods outlined elsewhere (Herná ndez et al., 1990; van Wyk et al., 1998) using the specific reagents recommended by Boehringer Mannheim (DE-68305, Mannheim, Germany). The U:UA ratio, a parameter first defined by Lumeij (1987) as an indicator of renal function in birds and recently proposed as the most suitable parameter for the evaluation of renal pathology in vultures (Naidoo et al., 2008) , was calculated using the equation: U (mg/dl):UA (mg/dl).
Statistical analysis
We calculated the mean, standard deviation (SD), and range of variation of each parameter according to age and sex. Data were normally distributed, and an unpaired t-test and analyses of variance (ANOVA) were used to determine whether differences between analytes were significant for age classes and genders. Statistical analyses were performed with STATISTICA Statsoft (Uppsala University, Uppsala, Sweden). Differences were considered significant at P,0.05.
RESULTS
Twenty-one nestling and 26 free-living Bearded Vultures (seven males and 19 females) were studied. All birds appeared to be in good condition, no abnormalities were noted during physical examination, and all nestlings fledged successfully. Hematology and blood chemistry values for these Bearded Vultures are shown in Tables 1 and 2 for all age and gender groups.
No significant differences in hematology and blood chemistry parameters were found between subadults and adults or between genders (t-test, P.0.05, Tables 1  and 2 ). Because of the lack of differences between subadults and adults, reference ranges have been established for Bearded Vulture nestlings (individuals under 3 mo of age) and for free-living Bearded Vultures, with subadult and adult data combined without affecting clinical interpretation. White cell morphology was similar to that described for other raptor species (Hawkey and Dennet, 1989; Campbell and Ellis, 2007; Samour, 2007) . A slight anisocytosis and some (usually a mean of 3% of the erythrocytes in one 1003 oil field) immature red cells (polychromatic erythrocytes) were found in the adult samples. A greater number (usually a mean of 8% of the erythrocytes in one 1003 oil field) of immature cells at different stages of development were observed in nestling blood samples. Immature red blood cells exhibited anisocytosis and increased polychromasia and were basophilic and more rounded in shape.
Hemoparasites were detected in three (6.9%, n547) adult Bearded Vultures, but not in any subadults or nestlings. In all cases the intensity of infection was low, with one or two microgametocytes observed in the blood smear. Hemoparasites were morphologically identified as Leucocytozoon spp. (Hawkey and Dennet, 1989) , but the low intensity of infection precluded identification to species. When comparing the influence of the presence of hemoparasites on hematologic and biochemistry parameters, infected individuals showed significantly (P,0.05) higher heterophil count (mean 77.061.0, n53 for infected individuals, and mean 69.5260.92, n523 for noninfected individuals), TPS value (mean 5.0560.278, n53 for infected individuals, and 4.3960.531, n523 for noninfected individuals) and lower MCH values (mean 49.0760.81, n53 for infected individuals, and mean 57.2266.37, n523 for noninfected individuals).
When comparing hematologic parameters by age group, significant differences between nestlings and free-living birds in RBC, WBC, PCV, Hb, MCV, and TPS values, fibrinogen level, eosinophil relative count, and heterophil and lymphocyte absolute counts were identified (P,0.05, Table 1 ). These parameters were significantly lower in nestlings than in free-living individuals, except in the case of MCV value and eosinophil count, which were significantly higher in nestlings (P,0.05, Table 1 ).
When comparing biochemical parameters by age group, significant differences in some blood chemistry values between nestlings and free-living birds were found (P,0.05, Table 2 ). The AST and LIP activities and magnesium levels were significantly lower in nestlings, whereas UA, U, Phos and Trig, and LDH, CK, ALP, and AMY activity were significantly higher in nestlings. Differences in the U:UA ratio were not statistically significant between age classes (t51.51, P50.14).
DISCUSSION
Nestlings are characterized by physiological anemia; their RBC, PCV, Hb, TSP, and TPP values only reach adult levels as birds age (Van der Heyden, 1986; Herná ndez, 1991a; Howlett et al., 2002; Dujowich et al., 2005) . Differences in red blood cell parameters (RBC, PCV, Hb, MCV, and MCH) between nestling and free-living Bearded Vultures may be due to the greater physical activity and increased oxygen demands of flying, freeliving birds (Dujowich et al., 2005) . This may result in higher RBC counts and Hb concentration in circulating blood, but smaller RBC size, possibly due to the decrease of immature RBC forms in peripheral blood (Campbell and Dein, 1984; Van der Heyden, 1986; Hawkey and Dennet, 1989) . Age-related changes in hematologic parameters in Bearded Vultures were similar to those from studies of flamingos (Hawkey et al., 1984a, b) , domestic fowl, geese, and quail (Hodges, 1977) , psittacines (Clubb et al., 1991a, b) , ostriches (Palomeque et al., 1991; Fudge, 1996) , storks (Puerta et al., 1989; Alonso et al., 1990a; Montesinos et al., 1997) , bustards (Alonso et al., 1990b; Howlett et al., 1998 Howlett et al., , 2002 , and birds of prey (Lanzarot et al., 2001; Dujowich et al., 2005) . In addition, reference values for free-living Bearded Vultures are within the range of variation found in other raptor species (Herná ndez, 1991b; Hochleithner, 1994; Campbell and Ellis, 2007) . Thrombocyte concentration is difficult to determine because thrombocytes tend to clump (Campbell and Ellis, 2007) ; therefore thrombocyte counts are rarely given in the literature. Thrombocyte counts for both nestling and free-living Bearded Vultures fall within the normal range of variation described in avian species (Howlett et al., 2002; Campbell and Ellis, 2007) .
Age-related changes in blood chemistry parameters in Bearded Vultures were also similar to those recorded from other studies in birds (Clubb et al., 1991a, b; Herná ndez, 1991b; Hochleithner, 1994; Bailey et al., 1999; Lanzarot et al., 2001; Dujowich et al., 2005) . Several biochemical parameters decreased significantly with increasing age, including serum proteins, AST and LIP activities, and magnesium concentrations. A significant decreasing trend was noted with increasing age in UA, BUN, inorganic phosphorus, and triglyceride concentrations, and LDH, CK, ALP, and AMY activities. Higher UA and BUN concentrations found in nestlings may be the result of increased protein synthesis (Hochleithner, 1994) , whereas increased activities of LDH and CK may result from increased basal metabolism and tissue turnover (Hochleithner, 1994) . The significance of different magnesium concentrations and LIP and AMY activities among age classes is unknown.
All age classes had higher inorganic phosphorus and magnesium levels and greater LDH and CK activities than those described for other raptor species (Allen, 1988; Herná ndez et al., 1990; Hochleithner, 1994; Van Wyk et al., 1998; Lanzarot et al., 2001; Casado et al., 2002; García-Montijano et al., 2002; Villegas et al., 2002; Dujowich et al., 2005; Naidoo et al., 2008) . The significance of higher LDH and CK activities in Bearded Vultures is unknown. No information is available in the literature about normal reference ranges of magnesium for vulture species. However, higher inorganic phosphorus levels have been found in vultures than other raptor species (Dell'Omo and Cavallina, 1996; Dujowich et al., 2005) . Thus magnesium levels found in this study seem to be physiologic. Most vulture species may consume small bone fragments (e.g., Grubh, 1973; Mundy and Ledger, 1976; Bertran and Margalida, 1997) , but Bearded Vultures feed largely on bones (Brown and Plug, 1990; Margalida, 2008 , Margalida et al., 2009 . Higher blood magnesium levels thus could be an adaptation to a diet high in calcium and phosphate, because dietary levels of both constituents are known to interfere with magnesium absorption and excretion (Rosol and Capen, 1997) .
High CK activity has been described in vulture species and is related to muscle trauma associated with capture (Naidoo et al., 2008) . However, we also found high CK and LDH activity in nestling Bearded Vultures. During sampling at the nest, stress was minimized and vultures remained calm, making no attempt to escape during handling; so it would seem that the activity levels found in the wild Bearded Vultures represent the species' true physiologic state rather than any pathologic condition.
Because plasma B-esterases (primarily cholinesterase) are nondestructive biomarkers useful to assess exposure to organophosphate and carbamate insecticides, baseline values in healthy populations are necessary (Roy et al., 2005) . This is most important for species of high conservation value. The easy accessibility of B-esterases and their sensitivity to inhibition by organophosphates and carbamates allow their use as an indicator of exposure to ChE-inhibiting insecticides (Lumeij et al., 1998) . The confirmation of normal B-esterase levels in healthy Bearded Vultures can be of special value because poisoning with ChE-inhibiting insecticides is recognized as one the most important causes of mortality for the species in Europe . No age-related differences in plasma ChE activity was found in the Bearded Vulture, as previously reported in other raptor species (Lumeij et al., 1998; Lanzarot et al., 2001 ).
The U:UA ratio was similar to that described for other vulture species (Naidoo et al., 2008) in nestling, subadult, and adult Bearded Vultures. In addition, the lack of statistically significant differences among age classes makes this ratio a useful tool for evaluating both prerenal azotemia and renal damage. Thus, our study provides the first reference values for evaluating renal function in Bearded Vultures. These values may be useful in evaluating the pathophysiology of nonsteroidal antiinflammatory drug (NSAID) toxicity in Bearded Vulture populations (Naidoo et al., 2008) . The ingestion of remains contaminated by the NSAID diclofenac has had catastrophic effects in several vulture species on the Indian subcontinent (Oaks et al., 2004) .
Glucose, UA, U, Trig, Chol, Ca, and Phos levels and CK, LDH, AST, and ALP activity decrease as birds mature (Ivins et al., 1986; Lewandowski et al., 1986; Dial, 1992; Hochleithner, 1994; Bailey et al., 1999) . Although differences between nestling and wild-caught Bearded Vultures were not statistically significant for UA, U, or Phos, it is possible that reported values (as well as differences in Trig and Chol levels) were influenced by a lack of fasting and do not represent a physiologic state (Lumeij, 1987; Dial, 1992; Lumeij et al. 1998) . Bearded Vultures may have fed nestlings in the early morning before the sampling took place (Margalida and Bertran, 2000) , and wild Bearded Vultures were captured when they landed at artificial feeding sites and thus before they fed.
Evaluation of hematologic and blood chemistry data revealed no significant differences between subadults and adults or between genders. However, both age classes significantly differed from nestlings in several blood parameters (Tables 1, 2) , and thus reference ranges have been established for Bearded Vulture nestlings (individuals under 3 mo old) and for freeliving Bearded Vultures, with subadult and adult data combined.
Our results represent an important first step in providing clinical hematology and blood chemistry reference ranges for evaluating the health of wild Bearded Vulture populations (Cooper, 1998; Mö rner et al., 2002; Naidoo et al., 2008) and for rehabilitating injured birds (Herná ndez et al., 1990; Morishita et al., 1997; Ensley, 1999) . The age-related differences in the parameters analyzed for the Bearded Vultures could alter the interpretation of results from both healthy and diseased individuals if not taken into account (Howlett et al., 2002) . The reference values we obtained are useful additions to existing data for other vulture species (Naidoo et al., 2008) . However, further studies of hematologic and blood chemistry responses to disease are still needed as a tool in the assessment of pathologic conditions.
